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(57) ABSTRACT

An input device which is a capacitive coupling type and can
reduce visibility of wiring patterns of electrodes and interfer-
ence fringes is provided. The input device is included in a
display device including a plurality of pixels, and is config-
ured to detect a contact position of a user. The input device
includes a plurality of first electrodes, a plurality of second
electrodes disposed so as to cross the first electrodes, and a
plurality of third electrodes disposed between the second
electrodes. Slits extending obliquely with respect to an exten-
sion direction of the second electrodes are formed between
the third electrodes.
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1
INPUT DEVICE AND DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to an input device which has
a capacitive coupling type touch sensor function for allowing
coordinates input to a screen, and a display device including
this input device.

2. Background Art

There is an input device that has a screen input function for
inputting information by allowing, for example, a finger of a
user to make contact with a display screen (hereinbelow,
referred to as a “touch operation” or merely referred to as
“touch”). A display device that is provided with such an input
device having a screen input function is used in mobile elec-
tronic devices such as a PDA (Personal Digital Assistance)
and a mobile terminal, various home electric appliances, and
stationary customer guide terminals such as an unattended
reception machine and the like. As for such an input device
using touch, there are known input devices of various systems
such as a resistive film system which detects a change in
resistance in a touched part, a capacitive coupling system
which detects a change in capacitance, and an optical sensor
system which detects a change in an amount of light in a part
shielded by touch.

In comparison with the resistive film system and the optical
sensor system, the capacitive coupling system has the follow-
ing advantages. For example, both the resistive film system
and the optical sensor system have relatively low light trans-
mittance of approximately 80%. On the other hand, the
capacitive coupling system has relatively high light transmit-
tance of approximately 90% at which image quality of a
display image is not likely to decrease. In addition, according
to the resistive film system which detects a touch position
based on a mechanical contact between resistive films, the
resistive films may be deteriorated or damaged by the
mechanical contact. However, the capacitive coupling system
does notrequire a mechanical contact between detection elec-
trodes and other electrodes or the like, and thus the durability
is relatively high.

Unexamined Japanese Patent Publication No. 2011-
138154 (PTL 1) discloses this type of capacitive coupling
type input device, for example. PTL 1 discloses a structure of
floating electrodes disposed apart from each other in an area
between detection electrodes, and provided with a natural
number multiple pitch of an arrangement pitch of pixel elec-
trodes.

SUMMARY OF THE INVENTION

The present disclosure provides an input device having a
capacitive coupling type touch sensor function, allowed to be
easily integrated with a display device, and reducing visibility
of wiring patterns of electrodes and interference fringes, and
further provides a display device including this input device.

An input device according to the present disclosure is
provided in a display device including a plurality of pixels,
and is configured to detect a contact position of a user. The
input device includes a plurality of first electrodes, a plurality
of second electrodes disposed so as to cross the first elec-
trodes, and a plurality of third electrodes disposed between
the second electrodes. Slits extending obliquely with respect
to an extension direction of the second electrodes are formed
between the third electrodes.

A display device according to the present disclosure is
provided with a display unit including a plurality of pixels,
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2

and an input device configured to detect a contact position of
a user on the display unit. The input device includes a plural-
ity of first electrodes, a plurality of second electrodes dis-
posed so as to cross the first electrodes, and a plurality of third
electrodes disposed between the second electrodes. Slits
extending obliquely with respect to an extension direction of
the second electrodes are formed between the third elec-
trodes.

An input device and a display device including this input
device according to the present disclosure are effective in
reducing visibility of wiring patterns of electrodes and inter-
ference fringes.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an entire configura-
tion of a display device having a touch sensor function in a
first exemplary embodiment;

FIG. 2is a perspective view illustrating an example of array
of driving electrodes and detection electrodes included in a
touch sensor in the first exemplary embodiment;

FIG. 3A is a diagram schematically illustrating a configu-
ration of the touch sensor in the first exemplary embodiment;

FIG. 3B is a diagram illustrating an equivalent circuit of
FIG. 3A,;

FIG. 3C is a schematic view illustrating a state in which a
touch operation is performed on the touch sensor of FIG. 3A;

FIG. 3D is a diagram illustrating an equivalent circuit of
FIG. 3C;

FIG. 4 is a waveform diagram illustrating a change in a
detection signal between when a touch operation is not per-
formed on the touch sensor illustrated in FIG. 3A and when a
touch operation is performed on the touch sensor illustrated in
FIG. 3A,;

FIG. 5 is a schematic view illustrating array structure of
scanning signal lines of a liquid crystal panel and array struc-
ture of driving electrodes and detection electrodes of the
touch sensor in the first exemplary embodiment;

FIG. 61is a diagram schematically illustrating a relationship
between input of scanning signals to the scanning signal lines
and input of touch driving signals to the driving electrodes in
the first exemplary embodiment;

FIG. 7 is a timing chart of scanning signals and touch
driving signals in one frame period in the first exemplary
embodiment;

FIG. 8 is a timing chart illustrating an example of a rela-
tionship between a display update period and a touch detec-
tion period in one horizontal scanning period in the first
exemplary embodiment;

FIG. 9 is a plan view schematically illustrating an example
of constituent patterns of detection electrodes and floating
electrodes of a display device according to the first exemplary
embodiment;

FIG. 10 shows summarized results of subjective evalua-
tions carried out by using a plurality of panels prepared for
evaluation;

FIG. 11 is a plan view schematically illustrating a posi-
tional relationship between pixel electrodes and floating elec-
trodes of the display device according to the first exemplary
embodiment;

FIG. 12 is a plan view schematically illustrating another
example ofthe constituent patterns of the detection electrodes
and the floating electrodes of the display device according to
the first exemplary embodiment;

FIG. 13 is a plan view schematically illustrating still
another example of the constituent patterns of the detection
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electrodes and the floating electrodes of the display device
according to the first exemplary embodiment;

FIG. 14 is a plan view schematically illustrating yet
another example of the constituent patterns of the detection
electrodes and the floating electrodes of the display device
according to the first exemplary embodiment;

FIG. 15 is a plan view schematically illustrating an
example of constituent patterns of detection electrodes and
floating electrodes of a display device according to a second
exemplary embodiment;

FIG. 16 is a plan view schematically illustrating another
example ofthe constituent patterns of the detection electrodes
and the floating electrodes of the display device according to
the second exemplary embodiment;

FIG. 17 is a plan view schematically illustrating an
example of constituent patterns of detection electrodes and
floating electrodes of a display device according to a third
exemplary embodiment;

FIG. 18 is a plan view schematically illustrating another
example ofthe constituent patterns of the detection electrodes
and the floating electrodes of the display device according to
the third exemplary embodiment;

FIG. 19 is a plan view schematically illustrating still
another example of the constituent patterns of the detection
electrodes and the floating electrodes of the display device
according to the third exemplary embodiment;

FIG. 20 is a plan view schematically illustrating yet
another example of the constituent patterns of the detection
electrodes and the floating electrodes of the display device
according to the third exemplary embodiment;

FIG. 21A is a plan view schematically illustrating an
example of constituent patterns of floating electrodes of a
display device according to a fourth exemplary embodiment;

FIG. 21B is a plan view schematically illustrating the
example of the constituent patterns of the floating electrodes
of the display device according to the fourth exemplary
embodiment;

FIG. 22 is a plan view schematically illustrating another
example of the constituent patterns of the floating electrodes
of the display device according to the fourth exemplary
embodiment;

FIG. 23 is a plan view schematically illustrating still
another example of the constituent patterns of the floating
electrodes of the display device according to the fourth exem-
plary embodiment;

FIG. 24 is a cross-sectional view schematically illustrating
an example of a cross-sectional structure of a liquid crystal
panel included in a display device according to a fifth exem-
plary embodiment; and

FIG. 25 is a plan view schematically illustrating an
example of constituent patterns of detection electrodes and
floating electrodes of a display device according to another
exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Hereinbelow, exemplary embodiments will be specifically
described with reference to the drawings in an appropriate
manner. However, unnecessarily detailed description may
occasionally be omitted. For example, detailed description of
already well-known matters and overlapping description of
substantially the same configurations may occasionally be
omitted. This is to avoid the following description from
becoming unnecessarily redundant, and to make it easy for a
person skilled in the art to understand the following descrip-
tion.
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The accompanying drawings and the following description
are provided so that a person skilled in the art can sufficiently
understand the present disclosure. Therefore, the accompa-
nying drawings and the following description are not
intended to limit the subject matter defined in the claims.

Described in the respective exemplary embodiments are
liquid crystal display devices as an example of a display
device including an input device. However, the present dis-
closure is not limited at all to a liquid crystal display device,
but may be applied to a display device other than of a liquid
crystal type, such as an EL (Electronic Luminescent) display
device.

First Exemplary Embodiment

Hereinbelow, a first exemplary embodiment will be
described with reference to FIG. 1 to FIG. 14.

[1-1. Configuration]

FIG. 1 is a block diagram illustrating an entire configura-
tion of display device 100 having a touch sensor function in
the first exemplary embodiment.

Asillustrated in FIG. 1, display device 100 is provided with
liquid crystal panel 21, backlight unit 22, scanning line driv-
ing circuit 23, video line driving circuit 24, backlight driving
circuit 25, signal control device 28, and touch controller 14.
Touch controller 14 is provided with sensor control circuit 13,
sensor driving circuit 26, and signal detection circuit 27.

In liquid crystal panel 21, a pixel is constituted by sub
pixels in a plurality of colors different from each other (such
as three colors of red, green, and blue). A plurality of these
pixels are arranged in matrix to form a display unit.

In the present exemplary embodiment and the subsequent
exemplary embodiments, the input device includes driving
electrodes 11, detection electrodes 12, and touch controller
14. Therefore, the input device described in the present exem-
plary embodiment is provided in display device 100 and
integrated with display device 100. Hereinbelow, the input
device is also referred to as a touch sensor or a touch panel.
Further, a position with which, for example, a finger of'a user
makes contact in the input device is also referred to as a
contact position or a touch position. The input device is con-
figured to detect the contact position of the user on the display
unit of liquid crystal panel 21. The input device may be
formed integrally with liquid crystal panel 21, or separately
manufactured as an input device and combined with liquid
crystal panel 21 into one body.

Liquid crystal panel 21 is formed in a rectangular flat-plate
shape and includes a TFT (thin film transistor) substrate
which is composed of a transparent substrate such as a glass
substrate, a counter substrate which is disposed to face the
TFT substrate with a predetermined space from the TFT
substrate, and a liquid crystal material which is enclosed
between the TFT substrate and the counter substrate.

The TFT substrate is located on a back side (backlight side)
of liquid crystal panel 21. In the TFT substrate, pixel elec-
trodes which are arranged in matrix, thin film transistors
(TFTs) as switching elements which are provided corre-
sponding to the pixel electrodes and on/off control voltage
application to the pixel electrodes, a common electrode, and
the like are formed on the substrate which constitutes the TFT
substrate.

The counter substrate is located on a front side (display
surface side) of liquid crystal panel 21. In the counter sub-
strate, a color filter (CF), a black matrix (BM), and the like are
formed on the transparent substrate which constitutes the
counter substrate. The CF includes at least three primary
colors of red (R), green (G), and blue (B) and is located
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corresponding to the pixel electrodes. The BM is arranged
between sub-pixels of the RGB and/or between pixels com-
posed of the sub-pixels, is used for improving contrast, and is
made of a light-shielding material. In the present exemplary
embodiment, the TFTs each of which is formed in each sub-
pixel on the TFT substrate are n-channel TFTs. A configura-
tion will be described by defining a drain electrode and a
source electrode. However, the described TFTs are merely an
example, and the TFTs are not limited at all to n-channel type
TFTs.

A plurality of video signal lines 29 and a plurality of
scanning signal lines 10 are formed on the TFT substrate so as
to be substantially perpendicular to each other. Each of scan-
ning signal lines 10 is provided for each of horizontal rows of
the TFTs and is connected to gate electrodes of plural ones of
the TFTs in the horizontal row in common. Each of video
signal lines 29 is provided for each of vertical columns of the
TFTs and is connected to drain electrodes of plural ones of the
TFTs in the vertical columns in common. Further, each of the
TFTs has a source electrode to which a pixel electrode that is
arranged in a pixel area corresponding to the TFT is con-
nected.

In the present exemplary embodiment, a direction that is
parallel to a long side of liquid crystal panel 21 is defined as
the horizontal direction and a direction that is parallel to a
short side of liquid crystal panel 21 is defined as the vertical
direction.

On/off operations of the respective TFTs formed on the
TFT substrate are controlled in a unit of horizontal row in
response to scanning signals applied to scanning signal lines
10. In each TFT in a horizontal row that is turned to an on
state, a pixel electrode is set to a potential (pixel voltage)
corresponding to a video signal applied to corresponding
video signal line 29. Liquid crystal panel 21 includes the
plurality of pixel electrodes and the common electrode which
is provided to face the pixel electrodes. Liquid crystal panel
21 controls orientation of liquid crystal in each pixel area by
electric fields generated between the pixel electrodes and the
common electrode to change transmittance with respect to
light entered from backlight unit 22 to thereby form an image
on a display surface.

Backlight unit 22 is disposed on the back side of liquid
crystal panel 21 and applies light from a back face of liquid
crystal panel 21. As for backlight unit 22, there are known, for
example, a backlight unit having a structure in which a plu-
rality of light emitting diodes are arrayed to configure a sur-
face light source and a backlight unit having a structure in
which a surface light source is configured by using light from
a light emitting diode in combination with a light-guiding
plate and a diffuse reflection plate.

Scanning line driving circuit 23 is connected to scanning
signal lines 10 formed on the TFT substrate. Scanning line
driving circuit 23 selects scanning signal lines 10 in order in
response to timing signals 1, 2 input from signal control
device 28, and applies voltage for turning on TFTs to selected
scanning signal line 10. For example, scanning line driving
circuit 23 includes a shift register. The shift register starts an
operation upon receiving trigger signals (timing signals 1, 2)
from signal control device 28. Then, scanning line driving
circuit 23 sequentially selects scanning signal lines 10 in
order along a vertical scanning direction, and applies a scan-
ning pulse to selected scanning signal line 10.

Video line driving circuit 24 is connected to video signal
lines 29 formed on the TFT substrate. In accordance with the
selection of scanning signal lines 10 performed by scanning
line driving circuit 23, video line driving circuit 24 applies
voltage that corresponds to a video signal indicating a grada-
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tion value of each sub-pixel to each TFT that is connected to
selected scanning signal line 10. As a result, the video signal
is written in sub-pixels that correspond to selected scanning
signal line 10.

Backlight driving circuit 25 allows backlight unit 22 to
emit light at timing and luminance both corresponding to a
light emission control signal input from signal control device
28.

A plurality of driving electrodes 11 and a plurality of
detection electrodes 12, both constituting a touch sensor, are
arranged on liquid crystal panel 21 in such positions as to
cross each other. Driving electrodes 11 correspond to first
electrodes in the appended claims, while detection electrodes
12 correspond to second electrodes in the appended claims.
Driving electrodes 11 as the first electrodes and detection
electrodes 12 as the second electrodes are capacitively
coupled to each other.

The touch sensor that includes driving electrodes 11 and
detection electrodes 12 performs, between driving electrodes
11 and detection electrodes 12, response detection (detection
of'a change in voltage) based on input of an electric signal and
a change in capacitance to thereby detect contact of an object
(a finger of a user, for example) with the display surface.
Sensor driving circuit 26 and signal detection circuit 27 are
provided as electric circuits that detect the contact.

Sensor driving circuit 26 is an alternating current (AC)
signal source, and is connected to driving electrodes 11. For
example, when a sensor signal corresponding to a timing
signal is input to sensor driving circuit 26 from sensor control
circuit 13, sensor driving circuit 26 sequentially selects driv-
ing electrodes 11 in the order corresponding to the vertical
scanning direction in synchronization with image display by
liquid crystal panel 21, and applies driving signal Txv of
rectangular pulse voltage to selected driving electrodes 11.
For example, sensor driving circuit 26 includes a shift register
similarly to scanning line driving circuit 23. The shift register
starts operation when receiving a trigger signal (sensor sig-
nal) from sensor control circuit 13. Then, sensor driving cir-
cuit 26 sequentially selects driving electrodes 11 in the order
corresponding to the vertical scanning direction, and applies
touch driving signal Txv of pulse voltage to selected driving
electrodes 11.

Driving electrodes 11 and scanning signal lines 10 are
formed to extend in the horizontal direction (row direction)
and arrayed side by side in the vertical direction (column
direction) on the TFT substrate. Desirably, sensor driving
circuit 26 electrically connected to driving electrodes 11 and
scanning line driving circuit 23 electrically connected to
scanning signal lines 10 are disposed along vertical sides of a
display area in which sub-pixels are arrayed. FIG. 1 illustrates
an example in which scanning line driving circuit 23 and
sensor driving circuit 26 are disposed on one and the other of
the left and right sides, respectively. Alternatively, both scan-
ning line driving circuit 23 and sensor driving circuit 26 may
bedisposed on one of the left and right sides, or may be drawn
toward the other side via wires or the like around liquid crystal
panel 21.

Signal detection circuit 27 is provided with a plurality of
detection circuits which detect a change in capacitance and is
connected to detection electrodes 12. Signal detection circuit
27 includes the detection circuits provided for the respective
detection electrodes 12 and is configured to detect detection
signals Rxv from detection electrodes 12.

The contact position of an object on the display surface is
obtained in sensor control circuit 13 based on in which detec-
tion electrode 12 a signal at the time of the contact is detected
and to which driving electrode 11 touch driving signal Txv is
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applied at the time of the contact. In sensor control circuit 13,
an intersection point between decided driving electrode 11
and decided detection electrode 12 is obtained as the contact
position. The contact position may be calculated by using an
arithmetic circuit provided within display device 100 to cal-
culate the contact position, or may be calculated by using an
arithmetic circuit provided outside display device 100 to cal-
culate the contact position, for example.

Signal control device 28 is provided with an arithmetic
processing circuit such as a CPU and a memory such as a
ROM and/or a RAM. Signal control device 28 performs vari-
ous kinds of video signal processing such as color adjustment
based on video data input to signal control device 28 to
thereby generate an video signal that indicates gradation of
each sub-pixel and supplies the generated video signal to
video line driving circuit 24. Signal control device 28 gener-
ates timing signals for synchronizing operations of scanning
line driving circuit 23, video line driving circuit 24, backlight
driving circuit 25, sensor control circuit 13 based on the video
data input to signal control device 28 and supplies the gener-
ated timing signals to these circuits. Signal control device 28
supplies, as the light emission control signal to backlight
driving circuit 25, a luminance signal for controlling lumi-
nance of a backlight (a light emitting diode, for example) to
backlight driving circuit 25 based on the input video data.

Sensor control circuit 13 controls sensor driving circuit 26
and signal detection circuit 27 in response to the timing sig-
nals input from signal control device 28.

Scanning line driving circuit 23, video line driving circuit
24, sensor driving circuit 26, sensor control circuit 13, and
signal detection circuit 27 which are connected to the signal
lines and the electrodes of liquid crystal panel 21 are each
configured in such a manner that a semiconductor chip of
each of the circuits is mounted on a flexible wiring board, a
printed wiring board, or a glass substrate. However, scanning
line driving circuit 23, video line driving circuit 24, sensor
driving circuit 26, and sensor control circuit 13 may be
mounted on the TFT substrate by being simultaneously
formed with the TFTs and the like.

Touch controller 14 is provided with sensor driving circuit
26, signal detection circuit 27, and sensor control circuit 13.
Touch controller 14 controls the touch sensor based on timing
signals input from signal control device 28. Sensor driving
circuit 26, signal detection circuit 27, and sensor control
circuit 13 may be separate semiconductors or may also be
integrated as a single semiconductor as a whole.

FIG. 2 is a perspective view illustrating an example of array
of'the driving electrodes and the detection electrodes included
in the touch sensor in the first exemplary embodiment. As
illustrated in FIG. 2, the touch sensor as the input device
includes driving electrodes 11 and detection electrodes 12.
Driving electrodes 11 are a plurality of striped electrode
patterns extending in a right-left direction of FIG. 2. Detec-
tion electrodes 12 are a plurality of substantially striped elec-
trode patterns extending in a direction that intersects the
extending direction of the electrode patterns of driving elec-
trodes 11. Driving electrodes 11 and detection electrodes 12
intersect each other to form intersection parts, and a capaci-
tative element having capacitance is formed in each of the
intersection parts.

Driving electrodes 11 are arrayed to extend in a direction
parallel to an extending direction of scanning signal lines 10.
As will be described in detail below, when M scanning signal
lines 10 (M is a natural number) that are adjacent to each other
are defined as one line block, each of driving electrodes 11 is
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disposed corresponding to each of N line blocks (N is a
natural number), and a touch driving signal is applied to each
of the line blocks.

During a touch detection operation, touch driving signal
Txv is applied from sensor driving circuit 26 to each of
driving electrodes 11 so as to perform sequential scanning in
atime division manner for each of the line blocks. As a result,
one line block to be a detection target is sequentially selected.
Further, when signal detection circuit 27 receives detection
signal Rxv from detection electrode 12, touch detection in
one line block is performed.

Next, a principle of touch detection (voltage detection sys-
tem) in a capacitance type touch sensor will be described with
reference to FIG. 3 and FIG. 4.

FIG. 3A is a diagram schematically illustrating a configu-
ration of the touch sensor in the first exemplary embodiment.
FIG. 3B is a diagram illustrating an equivalent circuit of FIG.
3A. FIG. 3C is a schematic view illustrating a state in which
a touch operation is performed on the touch sensor of FIG.
3A. FIG. 3D is a diagram illustrating an equivalent circuit of
FIG. 3C.

FIG. 4 is a waveform diagram illustrating a change in a
detection signal between when a touch operation is not per-
formed on the touch sensor illustrated in FIG. 3A and when a
touch operation is performed on the touch sensor illustrated in
FIG. 3A.

In the capacitance type touch sensor, driving electrodes 11
and detection electrodes 12 which are arranged in matrix to
intersect each other as illustrated in FIG. 2 face each other
with dielectric D interposed between driving electrodes 11
and detection electrodes 12 as illustrated in FIG. 3A. As a
result, the capacitative element is formed in each of the inter-
section parts between driving electrodes 11 and detection
electrodes 12. The equivalent circuit is represented as illus-
trated in FIG. 3B. Capacitative element C1 includes driving
electrode 11, detection electrode 12, and dielectric D. Capaci-
tative element C1 has one end that is connected to sensor
driving circuit 26 as the AC signal source and the other end P
that is grounded via resistor R and connected to signal detec-
tion circuit 27 as a voltage detector.

When touch driving signal Txv (FIG. 4) having a pulse
voltage waveform and a frequency of approximately several
tens kHz to several hundred kHz (a predetermined frequency)
is applied to driving electrode 11 (one end of capacitative
element C1) from sensor driving circuit 26 as the AC signal
source, an output waveform (detection signal Rxv) as illus-
trated in FIG. 4 appears in detection electrode 12 (the other
end P of capacitative element C1).

When a finger is not in contact with (or not in close to) the
display screen, current 10 that corresponds to a capacitance
value of capacitative element C1 flows accompanied with
charge/discharge to capacitative element C1 as illustrated in
FIG. 3B. A voltage waveform at the other end P of capacita-
tive element C1 is formed in waveform VO of FIG. 4 and
detected by signal detection circuit 27 as the voltage detector.

On the other hand, when a finger is in contact with (or in
close to) the display screen, capacitative element C2 formed
by the finger is added in series to capacitative element C1 in
the equivalent circuit as illustrated in FIG. 3D. In this state,
current I1 and current 12 flow respectively accompanied with
charge/discharge to capacitative element C1 and capacitative
element C2. The voltage waveform at the other end P of
capacitative element C1 at this point is formed in waveform
V1 of FIG. 4 and detected by signal detection circuit 27 as the
voltage detector. A voltage potential at point P at this point is
a divided voltage potential that is determined by values of
current 11 and current 12 respectively flowing in capacitative
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element C1 and capacitative element C2. Therefore, wave-
form V1 has a lower voltage value than waveform VO in the
non-contact state.

Signal detection circuit 27 compares a voltage potential of
detection signal Rxv output from each of detection electrodes
12 with predetermined threshold voltage Vth. When detection
signal Rxv is threshold voltage Vth or more, signal detection
circuit 27 determines the non-contact state. On the other
hand, when detection signal Rxv is less than threshold voltage
Vth, signal detection circuit 27 determines the contact state.
In this manner, the touch detection can be performed. In the
present exemplary embodiment, the touch detection is not
limited at all to voltage detection. As for a method for detect-
ing a change in capacitance other than voltage detection, for
example, there is a method that detects current.

[1-2. Operation]

Next, an example of a method for driving the touch sensor
in the present exemplary embodiment will be described with
reference to FIG. 5 to FIG. 8.

FIG. 5 is a schematic view illustrating array structure of
scanning signal lines 10 of liquid crystal panel 21 and array
structure of driving electrodes 11 and detection electrodes 12
of the touch sensor in the first exemplary embodiment. As
illustrated in FIG. 5, X scanning signal lines 10 which extend
in the horizontal direction are arrayed by being divided into N
line blocks 10-1, 10-2, . . ., 10-N (N is a natural number),
wherein each of the N line blocks includes M scanning signal
lines 10 (M is a natural number) that are adjacent to each other
(for example, scanning signal lines G1-1, G1-2, .. ., G1-M).

In FIG. 5 and the subsequent figures, each of scanning
signal lines 10 is also referred to as “scanning signal line
Ga-b”, where “a” indicates that the scanning signal line 10 is
included in an a-th line block from the top and “b” indicates
that the scanning signal line 10 is disposed in a b-th position
in the line block. That is, “scanning signal line Ga-b” indi-
cates scanning signal line 10 that is located in the b-th position
in line block 10-a. Further, NxM is equal to total number X of
scanning signal lines 10.

Driving electrodes 11 of the touch sensor are arrayed in
such a manner that N driving electrodes 11-1,11-2,...,11-N
extend in the horizontal direction so as to correspond to line
blocks 10-1, 10-2, . . ., 10-N. A plurality of detection elec-
trodes 12 are arrayed to extend in the vertical direction so as
to intersect N driving electrodes 11-1, 11-2, . . ., 11-N.

FIG. 6 is a diagram schematically illustrating a relationship
between input of scanning signals to scanning signal lines 10
and input of touch driving signals to driving electrodes 11 in
the first exemplary embodiment. The scanning signals are
sequentially applied to the respective scanning signal lines 10
in order to perform update of a display image (hereinbelow,
referred to as “display update™) in liquid crystal panel 21. The
touch driving signals are sequentially applied to the respec-
tive driving electrodes 11 in order to perform the touch detec-
tion in the touch sensor. In the present exemplary embodi-
ment and the subsequent exemplary embodiments, time
required to apply scanning signals to all scanning signal lines
10 that constitute one line block is referred to as “a one-line
block scanning period”. In FIG. 6, time passes from (1) to (6).
Each of (1) to (6) of FIG. 6 illustrates a state in the one-line
block scanning period.

In the exemplary embodiment, as illustrated in (1) of FIG.
6, in a line block scanning period during which scanning
signals are sequentially applied to scanning signal lines G1-1
to G1-M that constitute line block 10-1 located on the top, a
touch driving signal is applied to driving electrode 11-N that
corresponds to line block 10-N located on the bottom. In the
subsequent line block scanning period, as illustrated in (2) of
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FIG. 6, scanning signals are sequentially applied to scanning
signal lines G2-1 to G2-M that constitute the second line
block 10-2 from the top. In this line block scanning period, a
touch driving signal is applied to driving electrode 11-1 that
corresponds to line block 10-1 to which the scanning signals
have been applied in the preceding line block scanning
period.

As illustrated in (3) to (6) of FIG. 6, scanning signals are
sequentially applied to scanning signal lines G3-1 to GN-M
that constitute line blocks 10-3,10-4, 10-5, . . ., 10-N, so that
line block scanning periods sequentially progress. On the
other hand, in each of the line block scanning periods, touch
driving signals are sequentially applied to driving electrodes
11-2,11-3,11-4, . .., 11-(N-1) that correspond to line blocks
10-2, 10-3, 10-4, . . ., 10-(N-1) to which scanning signals
have been applied in the preceding line block scanning peri-
ods. In the present exemplary embodiment, order of applying
scanning signals to scanning signal lines 10 and order of
applying touch driving signals to driving electrodes 11 are
configured in this manner.

Specifically, in the present exemplary embodiment, when a
touch driving signal is applied to each of driving electrodes
11, driving electrode 11 that corresponds to a line block that
differs from a line block to which scanning signal lines 10 to
which scanning signals are applied belong is selected, and a
touch driving signal is applied to selected driving electrode 11
in each of the line block scanning periods.

In FIG. 6, there has been described the example in which a
touch driving signal is applied to driving electrode 11 that
corresponds to a line block to which scanning signals have
been applied in the preceding line block scanning period.
However, the present exemplary embodiment is not limited at
all to this configuration. In the present exemplary embodi-
ment, it is only required to prevent a touch driving signal from
being applied to driving electrode 11 that corresponds to a
line block to which scanning signals are applied. For
example, one or two or more line blocks may be interposed
between a line block to which scanning signals are applied
and driving electrode 11 to which a touch driving signal is
applied.

FIG. 7 is a timing chart of scanning signals and touch
driving signals in one frame period in the first exemplary
embodiment. FIG. 7 illustrates the timing chart based on the
example illustrated in FIG. 6.

As illustrated in FIG. 7, scanning signals are sequentially
applied to scanning signal lines 10 in such order as line block
10-1, 10-2, . . ., 10-N (in such order as scanning signal line
G1-1,G1-2, . .., GN-M in the example illustrated in FIG. 7)
in each horizontal scanning period (1H) in one frame period
to perform the display update. Within the period during which
the scanning signals are applied, touch driving signals for the
touch detection are sequentially applied to driving electrodes
11-N, 11-1,11-2, . . ., 11-(N-1) that respectively correspond
to line blocks 10-N, 10-1,10-2, . ..,10-(N-1) ina unit of line
block scanning period.

First and second timing signals are generated by signal
control device 28 for an operation of liquid crystal panel 21.
In FIG. 7, timing signal 1 as the first timing signal represents
timing of generating each scanning signal, and timing signal
2 as the second timing signal represents generation start tim-
ing of the first scanning signal in one frame period. Timing
signal 1 is generated substantially at every horizontal scan-
ning period (every M. Timing signal 2 is generated once in
one frame period. In the example of FIG. 7, there is illustrated
a case in which scanning is started from line block 10-1.

Sensor signal is generated for an operation of sensor driv-
ing circuit 26. Sensor control circuit 13 generates the sensor
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signal based on timing signals 1, 2 input from signal control
device 28. Sensor driving circuit 26 applies touch driving
signals to driving electrodes 11 based on the sensor signal
generated by sensor control circuit 13. As illustrated in FIG.
7,the sensor signal is synchronized with the scanning signals.

FIG. 8 is a timing chart illustrating an example of a rela-
tionship between a display update period and a touch detec-
tion period in one horizontal scanning period in the first
exemplary embodiment.

As illustrated in FIG. 8, in each display update period, a
scanning signal is sequentially applied to each of scanning
signal lines 10, and a pixel signal corresponding to an input
video signal is input to each of video signal lines 29 which are
connected to switching elements of the respective pixel elec-
trodes of the respective sub-pixels.

In the present exemplary embodiment, the touch detection
period is provided at timing based on the display update
period. The touch detection period is defined as a period
obtained by subtracting a transition period from the display
update period. That is, a pulse voltage as the touch driving
signal is applied to each of driving electrodes 11 when a
scanning signal rises to a predetermined potential and voltage
displacement in each of the electrodes is converged. The
touch detection period is started from a displacement point of
the potential caused by the rising of the pulse voltage. Further,
touch detection timing S exists at two positions, specifically,
a position immediately before a falling point of the pulse
voltage and a position at a touch detection period finishing
point. The transition period includes period t1 during which a
pixel signal is displaced and period t1+t2 during which a
potential of the common electrode is displaced and converged
accompanied with displacement of the pixel signal. This is
because of that variations in the potential of the common
electrode occur in transition period t1 of the pixel signal
because of parasitic capacitance coupling inside the panel.
Period t1 and period t2 are set for preventing the variations
from occurring during the touch detection period.

An example of the touch detection timing is illustrated in
FIG. 8. However, the touch detection timing is not limited to
the timing illustrated in FIG. 8, and is desirably set so as to
avoid a period during which noise is generated in display
device 100 because of a display update operation.

The touch detection operation during the touch detection
period is as described above with reference to FIG. 3 and F1G.
4.

The description herein with reference to FIG. 1 and FIGS.
6 through 8 is based upon the assumption that the touch panel
is an in-cell touch panel. However, the touch panel described
in the respective exemplary embodiments is not limited to an
in-cell type, but may be an out-cell touch panel. In the case of
the out-cell touch panel, scanning line driving circuit 23 and
sensor driving circuit 26 are not required to be synchronous
with each other during operation.

[1-3. Structure]

An electrode structure of the touch sensor according to the
present exemplary embodiment is hereinafter described with
reference to FIGS. 9 through 13.

As illustrated in FIG. 2, detection electrodes 12 according
to the present exemplary embodiment are formed of substan-
tially stripe-shaped wiring patterns. Respective detection
electrodes 12 are provided on liquid crystal panel 21 at pre-
determined intervals while spaced away from each other. The
intervals of detection electrodes 12 are determined based on
the specified degree of detection sensitivity (resolution in the
horizontal direction) for touch detection. According to the
present exemplary embodiment, a plurality of floating elec-
trodes having predetermined shapes are provided between
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respective detection electrodes 12. The floating electrodes
correspond to third electrodes according to the appended
claims. In addition, slits are formed between the floating
electrodes. These slits extend obliquely with respect to an
extension direction of detection electrodes 12.

Each of the plan views illustrating the respective floating
electrodes in the present exemplary embodiment and the fol-
lowing exemplary embodiments schematically shows one
cycle (expressed as RxT in the figures) of the detection elec-
trodes disposed substantially in the shape of stripes in the
horizontal direction. The patterns, which are illustrated in the
respective figures, of the detection electrodes and the floating
electrodes disposed on liquid crystal panel 21 are repeated in
the horizontal direction. While only a part of the patterns in
the vertical direction are extracted and shown, the patterns
illustrated in the respective figures are repeated in the vertical
direction similarly to those in the horizontal direction.

FIG. 9 is a plan view schematically illustrating an example
of constituent patterns of detection electrodes 12 and floating
electrodes 131 of display device 100 according to the first
exemplary embodiment.

As illustrated in FIG. 9, substantially stripe-shaped detec-
tion electrodes 12 are provided on liquid crystal panel 21 at
predetermined intervals while spaced away from each other.
According to the present exemplary embodiment, a plurality
of rthombic floating electrodes 131 are provided between
detection electrode 12 shown in the figure and not-shown
detection electrode 12 adjacent to detection electrode 12
shown in the figure.

Each of rhombic floating electrodes 131 shown in FIG. 9 is
sized so as to have a length H in the vertical direction (here-
inafter referred to as “height” as well) of approximately 815
um, and a length W in the horizontal direction (hereinafter
referred to as “width” as well) of approximately 400 um. The
vertical direction in this context corresponds to the extension
direction of detection electrodes 12, while the horizontal
direction corresponds to the direction crossing the extension
direction of detection electrodes 12 at right angles. In addi-
tion, slits extending obliquely with respect to the vertical
direction are formed between adjoining floating electrodes
131 as illustrated in FIG. 9. According to the example shown
in FIG. 9, the respective slits are sized as follows. Slit D1
formed between adjoining floating electrodes 131 has a
length of approximately 13.4 um. Slit D2 between vertexes of
adjoining floating electrodes 131 in the horizontal direction
has a length of approximately 20 um. Slit D3 between ver-
texes of adjoining floating electrodes 131 in the vertical direc-
tion has a length of approximately 20 pm. Slit D4 formed
between floating electrode 131 and detection electrode 12 has
a length of approximately 10 pm.

According to the example shown in FIG. 9, the length of
RxT is set at approximately 4.2 mm as a length sufficient for
arranging approximately ten floating electrodes 131. On the
other hand, width RxW of detection electrode 12 in the hori-
zontal direction is set at 820 um as a length sufficient for
arranging approximately two floating electrodes 131.
According to the example shown in FIG. 9, therefore, floating
electrodes 131 disposed at the foregoing intervals are spread
all over the space between detection electrodes 12, with eight
floating electrodes 131 provided between adjoining detection
electrodes 12.

The slits formed between the floating electrodes are pro-
duced as a result of formation of the respective floating elec-
trodes with clearances left between the adjoining floating
electrodes. However, for simplifying the explanation, the
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present exemplary embodiment and the following exemplary
embodiments use such expressions as “form slits” and “pro-
vide slits” in some cases.

The structure of the present exemplary embodiment
includes a plurality of floating electrodes 131 between detec-
tion electrodes 12, and the slits extending between floating
electrodes 131 obliquely with respect to the vertical direction
as illustrated in FIG. 9 for the following reason.

According to liquid crystal panel 21 combined with the
touch panel as one body, a difference in light transmittance is
produced between an area including detection electrodes 12
and an area not including detection electrodes 12. In this case,
wiring patterns of detection electrodes 12 may be visually
recognized as fringe patterns. These fringe patterns may dete-
riorate display quality of images.

According to the present exemplary embodiment, there-
fore, floating electrodes 131 are provided between detection
electrodes 12 so as to adjust the light transmittance of the area
not including detection electrodes 12 (area between detection
electrodes 12) and the light transmittance of the area includ-
ing detection electrodes 12 to substantially equivalent values.
In addition, floating electrodes 131 are made of substantially
the same material as the material of detection electrodes 12.
This structure equalizes the light transmittance of the touch
panel, and reduces visibility of fringe patterns produced by
the wiring patterns of detection electrodes 12. In addition, no
electric connection is provided between floating electrodes
131 and other electrodes such as detection electrodes 12 so as
to avoid electric influences imposed on various operations of
liquid crystal panel 21. Accordingly, floating electrodes 131
are electrodes electrically left in a floating state.

However, depending on the shapes of the floating elec-
trodes, there is a possibility that interference fringes called
moire fringes are produced between the slits formed between
the floating electrodes, and components such as electrodes,
color filters, and a black matrix formed on liquid crystal panel
21. Accordingly, it is preferable that the shapes, sizes, and
arrangement intervals of the floating electrodes are appropri-
ately determined so as to avoid generation of interference
fringes and reduce visibility of the slits while equalizing the
light transmittance.

For the purpose of appropriate determination of these con-
ditions, the inventors of the present application prepared a
plurality of panels for evaluation to carry out subjective evalu-
ations of these panels. The panels contain a plurality of float-
ing electrodes different in shape and size for each panel, and
disposed between detection electrodes.

FIG. 10 is a diagram showing summarized results of the
subjective evaluations of the plurality of panels prepared for
evaluation. In this experiment, three evaluators (evaluators A,
B, and C) carried out the subjective evaluations concerning
the following two points.

Evaluation Test A: Grade the degree of visibility of fringe
patterns produced by the wiring patterns of the detection
electrodes

Evaluation Test B: Grade the degree of visibility of interfer-
ence fringes

Grades were given on the basis of scores ranging from 1 to 5.
The score decreases as the visibilities of the wiring patterns of
the detection electrodes and the interference fringes lower. A
score of 2 was given to the borderline between visibility and
non-visibility. A score of 1 was given to substantially non-
visible ones. The interference fringes in Evaluation Test B are
produced by interference between the floating electrodes
(slits) and one or plural components of electrodes, color fil-
ters, and a black matrix formed on the liquid crystal panel. In
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the subjective evaluations carried out herein, the factor caus-
ing interference fringes was not questioned.

In this experiment, 14 panels (panel Nos. 1 through 14)
were prepared, which contained floating electrodes different
in shape and size for each panel. Five types of shapes includ-
ing rectangular, wavy, cross-shaped, hexagonal, and rhombic
shapes were determined as the shapes of the floating elec-
trodes as illustrated in FIG. 10. The sizes of the floating
electrodes were determined based on the size of pixels formed
on the panels. The size of the pixel as a reference is 117.75
um, and the sizes of the respective floating electrodes in FIG.
10 are expressed as multiples of the size of the pixel as the
reference. FIG. 10 shows the shapes of the floating electrodes,
and the sizes of the floating electrodes expressed as lengths in
the vertical direction (extension direction of the detection
electrodes)xlengths in the horizontal direction (direction per-
pendicular to the extension direction of the detection elec-
trodes). For example, the panel No. 1 expressed as “rectan-
gular 1x2” indicates a panel including rectangular floating
electrodes each having a height of 117.75 pum in the vertical
direction, and a width 0of 235.5 um in the horizontal direction.
Each of the panels contained a plurality of floating electrodes
having the corresponding shape and size shown in FIG. 10
and disposed between the detection electrodes, with a slit of
approximately 15 um formed between one and the adjoining
one of the floating electrodes.

According to the results of these subject evaluations, a
preferable score of lower than 2 was given to the panel Nos.
13 and 14 including rhombic floating electrodes, as an aver-
age score of the three evaluators for both Evaluation Tests A
and B as shown in FIG. 10.

For the panel Nos. 13 and 14, similar results were obtained
regardless of the different size of the rhombus. After repeating
further experiments, it was found that the advantage of reduc-
ing the visibility of the foregoing wiring patterns of the detec-
tion electrodes and interference fringes was offered when slits
were formed obliquely with respect to the vertical direction.
According to these experiments, it was confirmed that this
advantage was provided when slits were formed at angle
ranging from approximately 13.6 degrees to approximately
64.1 degrees (inclusive) with respect to the vertical direction.

The vertical direction in this context corresponds to the
extension direction of detection electrodes 12, the direction
perpendicular to the longitudinal direction of liquid crystal
panel 21, or the arrangement direction of the sub pixels in the
same colors.

Moreover, it was confirmed that the preferable arrange-
ment is that the slits extend not substantially in one direction,
but substantially in two directions substantially line-symmet-
ric with respect to the vertical direction.

In consideration of these results, a plurality of floating
electrodes 131 in rhombic shapes are formed, and arranged
between detection electrodes 12 in the manner illustrated in
FIG. 9 according to the present exemplary embodiment.

In the example illustrated in FIG. 9, each of floating elec-
trodes 131 has a rhombic shape of 815 pum in heightx400 pm
in width. The angle 6 of the slits with respect to the vertical
direction in this example is approximately 26.1 degrees.

According to the experiment, it was confirmed that the
preferable size (height) of each of the floating electrodes in
the vertical direction is 1,650 pum or shorter. In the case of the
structure including rhombic floating electrodes each having a
height of 1,650 um, an angle 6 of the slits with respect to the
vertical direction becomes approximately 13.6 degrees as the
foregoing minimum angle when the width is set at 400 pm.

Moreover, according to the experiment, it was confirmed
that the preferable size (width) of each of the floating elec-
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trodes in the horizontal direction is 820 nm or shorter. In the
case of the structure including rhombic floating electrodes
each having a width of 820 um, the angle 6 of the slits with
respect to the vertical direction becomes approximately 64.1
degrees as the foregoing maximum angle when the height is
set at 397.5 um.

While eight floating electrodes 131 are provided between
detection electrodes 12 in the structure example shown in
FIG. 9, the number of floating electrodes 131 in the present
exemplary embodiment is not limited to this number. It is
preferable that the number of the floating electrodes provided
between detection electrodes 12 is set to an optimum number
in accordance with the electrode width of detection electrodes
12, the width between detection electrodes 12, the size of
floating electrodes 131, the width of the slits, and other con-
ditions.

The size of floating electrodes 131, and the size of the slits
formed between floating electrodes 131 are not limited to the
foregoing values. It is preferable that the floating electrodes
and the slits are formed within such a range as to provide the
advantage of reducing the visibility the foregoing wiring pat-
terns of the detection electrodes and interference fringes, to
reduce the visibility of the slits, and to avoid electric contacts
between floating electrodes 131. According to the present
exemplary embodiment, each width of the slits is set to a
width of 25 um or less so as to reduce the visibility of the slits.
Moreover, electric contacts between floating electrodes 131
are avoided so as to reduce capacitance, as small as possible,
that has influence on the electric operation of liquid crystal
panel 21 and a touch input device.

FIG. 11 is a plan view schematically illustrating a posi-
tional relationship between the pixel electrodes and floating
electrodes 131 on display device 100 according to the first
exemplary embodiment.

As illustrated in FIG. 11, a plurality of sub pixels R, sub
pixels G, and sub pixels B are arranged in matrix in the
horizontal direction and the vertical direction on liquid crys-
tal panel 21 of display device 100. According to liquid crystal
panel 21, the sub pixels in the same colors are arranged in the
vertical direction. In addition, the three sub pixels in different
three colors are arranged in the horizontal direction to form
one pixel.

As described above, each of the slits formed between
adjoining floating electrodes 131 has a width of 25 um or less,
and is obliquely disposed at the angle 8 with respect to the
vertical direction (arrangement direction of sub pixels in the
same colors) as illustrated in FIG. 11. In other words, the slits
are disposed not in parallel with both the arrangement direc-
tions of the pixels (horizontal direction and vertical direc-
tion), and do not cross these directions at right angles.

As illustrated in FIG. 11, the arrangement cycle of floating
electrodes 131 is not required to be a natural number multiple
of the cycle of the pixel. Similarly, the arrangement cycle of
detection electrodes 12 is not required to be a natural number
multiple of the cycle of the pixel. This is because the advan-
tage of reducing the visibility of the foregoing wiring patterns
of the detection electrodes and interference fringes can be
offered by the arrangement of slits obliquely formed between
floating electrodes 131 according to the present exemplary
embodiment.

FIG. 12 is a plan view schematically illustrating another
example of the constituent patterns of detection electrodes 12
and floating electrodes 131 of the display device according to
the first exemplary embodiment.

While the relative positional relationship between floating
electrodes 131 and detection electrodes 12 is determined such
that the slits between floating electrodes 131 and detection
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electrodes 12 are formed on diagonals connecting vertical
angles of the rhombuses of floating electrodes 131 in the
example of FIG. 9, the present exemplary embodiment is not
limited at all to the structure shown herein.

For example, as illustrated in FIG. 12, the slits between
floating electrodes 131 and detection electrodes 12 may be
formed at positions deviated from the diagonals connecting
the vertical angles the rhombuses of floating electrodes 131.
As illustrated in FIG. 12, for example, the relative positional
relationship between floating electrodes 131 and detection
electrodes 12 may be arbitrarily determined. Even in these
structures, the slits between floating electrodes 131 are
formed substantially in the same manner as in the structure
example shown in FIG. 9, and thus advantages similar to
those explained in conjunction with FIG. 9 are offered.

FIG. 13 is a plan view schematically illustrating still
another example of the constituent patterns of the detection
electrodes and the floating electrodes of the display device
according to the first exemplary embodiment.

While each of floating electrodes 131 in the examples
shown in FIGS. 9 and 12 has a rhombic shape, each shape of
the floating electrodes in the present exemplary embodiment
is not limited at all to a rhombic shape. According to the
present exemplary embodiment, each of floating electrodes
132 may have a parallelogrammatic shape as illustrated in
FIG. 13, for example.

Each shape of floating electrodes 132 shown in FIG. 13 is
substantially equivalent to a shape formed by connecting two
rhombic floating electrodes 131 shown in FIGS.9and 12. The
rhombic shapes shown in FIGS. 9 and 12 are indicated by
broken lines in FIG. 13.

According to the structure examples shown in FIGS. 9 and
12, the slits between floating electrodes 131 extend succes-
sively both in the oblique direction toward the right and in the
oblique direction toward the left. On the other hand, accord-
ing to the structure example shown in FIG. 13, the slits
extending in the oblique direction toward the right (direction
along the longer sides of floating electrodes 132) are succes-
sively formed, but the slits extending in the oblique direction
toward the left (direction along the short sides of floating
electrodes 132) are blocked by floating electrodes 132 and not
successively formed.

The slits having these shapes offer advantages similar to
the advantages described in conjunction with FIG. 9 when the
conditions specified in conjunction with FIG. 9 are met, i.e.,
when floating electrodes 132 are formed such that each of'the
slits is disposed at an angle ranging approximately from 13.6
degrees to approximately 64.1 degrees (inclusive) with
respect to the vertical direction, and has a width of 25 um or
less.

In addition, as described in conjunction with FIG. 12, the
relative positional relationship between floating electrodes
132 and detection electrodes 12 is not limited at all to the
structure shown in FIG. 13. FIG. 14 is a plan view schemati-
cally illustrating yet another example of the constituent pat-
terns of the detection electrodes and the floating electrodes of
the display device according to the first exemplary embodi-
ment. The relative positional relationship between floating
electrodes 132 and detection electrodes 12 may be arbitrarily
determined as illustrated in FIG. 14, for example. This struc-
ture offers advantages similar to the advantages described in
conjunction with FIG. 9.

[1-4. Effect]

As described above, the input device according to the
present exemplary embodiment is included in display device
100 including a plurality of pixels, and configured to detect
the contact position of the user. The input device includes the
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plurality of first electrodes (driving electrodes 11), the plu-
rality of second electrodes (detection electrodes 12) disposed
s0 as to cross the first electrodes, and the plurality of third
electrodes (floating electrodes) disposed between the second
electrodes. The slits extending obliquely with respect to the
extension direction of the second electrodes (detection elec-
trodes 12) are formed between the third electrodes.

The slits formed between the third electrodes (floating
electrodes) may be formed so as to extend in two directions
substantially line-symmetric with respect to the extension
direction of the second electrodes (detection electrodes 12).

The slits formed between the third electrodes (floating
electrodes) may be formed at an angle ranging from 13.6
degrees to 64.1 degrees (inclusive) with respect to the exten-
sion direction of the second electrodes (detection electrodes
12).

Each shape ofthe third electrodes (floating electrodes) may
be a rhombic shape or a parallelogrammatic shape.

According to the present exemplary embodiment, the
structure provided with the plurality of third electrodes (float-
ing electrodes) between the second electrodes (detection
electrodes 12) equalizes the light transmittance of the area
including the second electrodes (detection electrodes 12) of
the input device with the light transmittance of the area not
including the second electrodes of the input device, and
reduces visibility of the wiring patterns of detection elec-
trodes 12 as fringe patterns.

In this case, the slits formed between the third electrodes
(floating electrodes) may generate interference fringes
between the slits and electrodes, color filters, or a black
matrix provided on liquid crystal panel 21.

For example, when the slits between the third electrodes
(floating electrodes) are formed in a direction in parallel with
the arrangement direction of pixels, these interference fringes
easily appear. This is because only slight deviation between
the arrangement cycle of pixels and the arrangement cycle of
slits may generate interference fringes when the arrangement
direction of the pixels is in parallel with the extension direc-
tion of the slits. The interference fringes thus generated are
likely to be visually recognized as noise.

According to the present exemplary embodiment, how-
ever, the slits between the third electrodes (floating elec-
trodes) are formed so as to extend obliquely with respect to
the extension direction of the second electrodes (detection
electrodes 12). In this case, generation of such interference
fringes decreases.

More specifically, the structure according to the present
exemplary embodiment decreases interference fringes gener-
ated by interference between the slits and electrodes, color
filters, or a black matrix, while reducing the visibility of the
wiring patterns of the electrodes by equalizing the light trans-
mittance of the touch panel.

The extension direction of the second electrodes (detection
electrodes 12) may be expressed as the direction perpendicu-
lar to the longitudinal direction of liquid crystal panel 21, or
the arrangement direction of the sub pixels in the same colors.

With increase in the size and definition of a liquid crystal
panel, weight reduction of the liquid crystal panel and resis-
tance reduction of transparent electrode become crucial
issues. For reducing the weight, such a method may be used
which polishes a substrate on which liquid cells are formed.
However, when the substrate is made lightweight by polish-
ing, the transparent electrode needs to be formed after pol-
ishing, and thus the heat resistant temperature of the liquid
cells is generally limited to a low temperature of 100° C. or
less. Accordingly, in the case of the lightweight liquid crystal
panel produced by this method, ITO (tin-doped indium oxide)
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is difficult to be formed at a high temperature at the time of
production of transparent electrode (ITO electrode) from
ITO, and thus the transparent electrode is often produced
from amorphous ITO formed at a low temperature. However,
amorphous ITO has a higher sheet resistance than the sheet
resistance of crystalline ITO electrode produced at a high
temperature. In this case, the film thickness of ITO electrode
needs to be raised so as to reduce the resistance of transparent
electrode produced from amorphous ITO. However, amor-
phous ITO has a lower light transmittance than the light
transmittance of crystalline ITO electrode, in which condition
the light transmittance further decreases with increase in the
film thickness of ITO electrode. Accordingly, the visibility of
the foregoing wiring patterns of the detection electrodes and
interference fringes further increases.

According to the input device in the present exemplary
embodiment, however, the visibility of the foregoing wiring
patterns of the detection electrodes and interference fringes
decreases even in the case of the lightweight liquid crystal
panel produced by polishing as described herein.

Second Exemplary Embodiment

While sides of detection electrodes 12 linearly extend in
the extension direction of detection electrodes 12 in the first
exemplary embodiment, each shape of the detection elec-
trodes is not limited at all to this shape. The detection elec-
trodes may be formed to have sides other than linear sides.
Described with reference to FIGS. 15 and 16 in the present
exemplary embodiment are detection electrodes having
shapes other than the shapes of detection electrodes 12 shown
in the first exemplary embodiment.

[2-1. Configuration]

A display device according to a second exemplary embodi-
ment has a constitution substantially similar to the constitu-
tion of display device 100 shown in the first exemplary
embodiment, and thus the details of the constitution of the
display device are not repeatedly described. In addition, the
definitions of the vertical direction and the horizontal direc-
tion in the present exemplary embodiment are substantially
the same as the definitions of the vertical direction and the
horizontal direction shown in the first exemplary embodi-
ment.

[2-2. Operation]

The display device according to the second exemplary
embodiment performs operation substantially similar to the
operation of display device 100 shown in the first exemplary
embodiment, and thus the details of the operation of the
display device are not repeatedly described herein.

[2-3. Structure]

An electrode structure of a touch sensor according to the
present exemplary embodiment is hereinafter described with
reference to FIGS. 15 and 16.

FIG. 15 is a plan view schematically illustrating an
example of constituent patterns of detection electrodes 121
and floating electrodes 131 of the display device according to
the second exemplary embodiment.

Floating electrodes 131 shown in FIG. 15 are substantially
similar to floating electrodes 131 shown in the first exemplary
embodiment in conjunction with FIG. 9. In addition, condi-
tions required for forming the floating electrodes in the
present exemplary embodiment are substantially similar to
the corresponding conditions shown in the first exemplary
embodiment. The details of floating electrodes 131 and the
forming conditions thereof are therefore not repeatedly
described herein. Slits formed between floating electrodes
131 in FIG. 15 are substantially similar to the slits formed
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between floating electrodes 131 shown in the first exemplary
embodiment in conjunction with FIG. 9. In addition, condi-
tions required for forming the slits in the present exemplary
embodiment are substantially similar to the corresponding
conditions shown in the first exemplary embodiment. The
details of the slits and the forming condition thereof are
therefore not repeatedly described herein.

According to the present exemplary embodiment, detec-
tion electrodes 121 shown in FIG. 15 are different from detec-
tion electrodes 12 shown in FIG. 9 in that each side portion of
detection electrodes 121 adjacent to floating electrodes 131
has a zigzag shape in accordance with the shapes and arrange-
ment positions of floating electrodes 131.

According to the present exemplary embodiment, detec-
tion electrodes 121 have sides in zigzag shapes in accordance
with the shapes and arrangement positions of floating elec-
trodes 131. In this case, the slits formed between detection
electrodes 121 and floating electrodes 131 have shapes sub-
stantially similar to the shapes of the slits formed between
floating electrodes 131.

FIG. 16 is a plan view schematically illustrating another
example of the constituent patterns of detection electrodes
122 and floating electrodes 132 of the display device accord-
ing to the second exemplary embodiment.

Floating electrodes 132 shown in FIG. 16 are substantially
similar to floating electrodes 132 shown in the first exemplary
embodiment in conjunction with FIG. 13. In addition, slits
formed between floating electrodes 132 shown in FIG. 16 are
substantially the same as the slits formed between floating
electrodes 132 shown in the first exemplary embodiment in
conjunction with FIG. 13.

Similarly to the structure shown in FIG. 15, each side
portion of detection electrodes 122 adjacent to floating elec-
trodes 132 shown in FIG. 16 has a zigzag shape in accordance
with the shapes and arrangement positions of floating elec-
trodes 132. Moreover, the slits formed between detection
electrodes 122 and floating electrodes 132 have shapes sub-
stantially similar to the shapes of the slits formed between
floating electrodes 132.

[2-4. Effect]

As described above, the sides of the second electrodes
(detection electrodes) included in the input device according
to the present exemplary embodiment have zigzag shapes in
accordance with the shapes and arrangement positions of the
third electrodes (floating electrodes).

Accordingly, the slits formed between the second elec-
trodes (detection electrodes) and the third electrodes (floating
electrodes) have shapes substantially similar to the shapes of
the slits formed between the third electrodes (floating elec-
trodes).

According to the structure example shown in the first
exemplary embodiment, the sides of detection electrodes 12
are linear, and thus the slits formed between detection elec-
trodes 12 and the floating electrodes are substantially linear as
illustrated in FIGS. 9 and 13.

According to the input device of the present exemplary
embodiment, however, the slits formed between the detection
electrodes (detection electrodes 121 or detection electrodes
122, for example) and the floating electrodes extend
obliquely with respect to the extension direction of the detec-
tion electrodes. In this case, the number of the linear slits
decreases in comparison with the corresponding number
according to the first exemplary embodiment. Accordingly,
the advantage of reducing the visibility of the wiring patterns
of the detection electrodes and the interference fringes
described in the first exemplary embodiment further
improves.

10

15

20

25

30

35

40

45

50

55

60

65

20
Third Exemplary Embodiment

According to the second exemplary embodiment, the
detection electrode having zigzag-shaped sides in accordance
with the shapes and the arrangement positions of the floating
electrodes is shown in FIGS. 15 and 16. Each of these detec-
tion electrodes is formed to electrically work as one electrode.
Alternatively, a detection electrode electrically working as
one electrode may be formed of two pieces of detection
electrodes, for example. Described with reference to FIGS.
17 and 18 in the present exemplary embodiment is a structure
example which includes detection electrodes each electri-
cally working as one electrode but formed of two pieces of
detection electrodes.

[3-1. Configuration]

A display device according to a third exemplary embodi-
ment has substantially the same constitution as the constitu-
tion of display device 100 shown in the first exemplary
embodiment, and thus the details of the constitution of the
display device are not repeatedly described herein. In addi-
tion, the definitions of'the vertical direction and the horizontal
direction in the present exemplary embodiment are substan-
tially the same as the definitions of the vertical direction and
the horizontal direction shown in the first exemplary embodi-
ment.

[3-2. Operation]

The display device according to the third exemplary
embodiment performs substantially the same operation as the
operation of display device 100 shown in the first exemplary
embodiment. The details of the operation of the display
device are therefore not repeatedly described herein.

[3-3. Structure]

An electrode structure of a touch sensor according to the
present exemplary embodiment is hereinafter described with
reference to FIGS. 17 and 18.

FIG. 17 is a plan view schematically illustrating an
example of constituent patterns of detection electrodes 123
and floating electrodes 131 of the display device according to
the third exemplary embodiment.

Floating electrodes 131 shown in FIG. 17 are substantially
the same as floating electrodes 131 shown in the first exem-
plary embodiment in FIG. 9. In addition, conditions required
for forming the floating electrodes in the present exemplary
embodiment are substantially similar to the corresponding
conditions shown in the first exemplary embodiment. The
details of floating electrodes 131 and the forming conditions
thereof are therefore not repeatedly described herein. Slits
formed between floating electrodes 131 in FIG. 17 are sub-
stantially similar to the slits formed between floating elec-
trodes 131 shown in the first exemplary embodiment in FIG.
9. In addition, conditions required for forming the slits in the
present exemplary embodiment are substantially similar to
the corresponding conditions shown in the first exemplary
embodiment. The details of the slits and the forming condi-
tions thereof are not repeatedly described herein.

According to the present exemplary embodiment, detec-
tion electrodes 123 shown in FIG. 17 have side portions
located adjacent to floating electrodes 131 and formed in
zigzag shapes in accordance with the shapes and arrangement
positions of floating electrodes 131, similarly to the side
portions of detection electrode 121 shown in FIG. 15.

However, detection electrodes 123 shown in FIG. 17 are
different from detection electrodes 121 shown in FIG. 15 in
that the detection electrode electrically working as one detec-
tion electrode is formed of two pieces of detection electrodes
123 extending in the vertical direction. More specifically, two
detection electrodes 123 shown in FIG. 17 are electrically
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connected to each other to electrically work as one detection
electrode, but are separated from each other as discrete two
pieces in appearance by a slit formed between detection elec-
trodes 123.

Adjoining side portions of respective detection electrodes
123 have zigzag shapes such that the slit formed between
detection electrodes 123 becomes substantially similar to the
zigzag-shaped slits formed between detection electrodes 123
and floating electrodes 131. In other words, the slit formed
between detection electrodes 123 has a zigzag shape in cor-
respondence with the zigzag-shaped slits formed between
detection electrodes 123 and floating electrodes 131. More-
over, each of detection electrodes 123 is sized to have width
RxW of substantially the same size as width W of each of
floating electrodes 131.

According to this structure, the intervals of the slits formed
between floating electrodes 131 become substantially equiva-
lent to the intervals of the slits formed between detection
electrodes 123 and floating electrodes 131 and the slits
formed between detection electrodes 123. This structure pro-
duces substantially uniform intervals of the slits. Moreover,
this structure assimilates each shape of detection electrodes
123 to a shape (indicated by broken lines in FIG. 17) formed
by envelopes of a plurality of floating electrodes 131 arranged
in the vertical direction.

FIG. 18 is a plan view schematically illustrating another
example of the constituent patterns of detection electrodes
124 and floating electrodes 132 of the display device accord-
ing to the third exemplary embodiment.

Floating electrodes 132 shown in FIG. 18 are substantially
similar to floating electrodes 132 shown in the first exemplary
embodiment in conjunction with FIG. 13. Similarly, slits
formed between floating electrodes 132 shown in FIG. 18 are
substantially similar to the slits formed between floating elec-
trodes 132 shown in the first exemplary embodiment in con-
junction with FIG. 13.

Detection electrode 124 shown in FIG. 18 has side portions
located adjacent to floating electrodes 132 and formed in
zigzag shapes in accordance with the shapes and arrangement
positions of floating electrodes 132, similarly to the side
portions of detection electrodes 122 shown in FIG. 16.

Similarly to the structure shown in FIG. 17, the detection
electrode electrically working as one detection electrode
shown in FIG. 18 is formed of two pieces of detection elec-
trodes 124 extending in the vertical direction. More specifi-
cally, two detection electrodes 124 shown in FIG. 18 are
electrically connected to each other to electrically work as
one detection electrode, but are separated from each other as
discrete two pieces in appearance by a slit formed between
detection electrodes 124.

Adjoining side portions of respective detection electrodes
124 have zigzag shapes such that the slit formed between
detection electrodes 124 becomes substantially similar to the
zigzag-shaped slits formed between detection electrodes 124
and floating electrodes 132. Moreover, each of detection elec-
trodes 124 is sized to have width RxW of substantially the
same size as width W of each of floating electrodes 132.

According to this structure, the intervals of the slits formed
between floating electrodes 132 become substantially equiva-
lent to the intervals of the slits formed between detection
electrodes 124 and floating electrodes 132 and the slits
formed between detection electrodes 124. This structure pro-
duces substantially uniform intervals of the slits. Moreover,
this structure assimilates each shape of detection electrodes
124 to a shape (indicated by broken lines in FIG. 18) formed
by envelopes of a plurality of floating electrodes 132 arranged
in the vertical direction.
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[3-4. Effect]

According to the input device of the present exemplary
embodiment described herein, each of the second electrodes
(detection electrodes) electrically working as one electrode is
formed of a plurality of electrodes (detection electrodes 123
or detection electrodes 124, for example).

Moreover, the slits formed between the plurality of elec-
trodes (detection electrodes 123 or detection electrodes 124,
for example) have zigzag shapes in correspondence with the
slits formed between the second electrodes (detection elec-
trodes) and the third electrodes (floating electrodes).

This structure forms slits between the detection electrodes
and the floating electrodes in such shapes similar to the shapes
of'the slits formed between the floating electrodes, and further
forms zigzag-shaped slits between the detection electrodes.

Accordingly, the advantage of reducing the visibility of the
wiring patterns of the detection electrodes and the interfer-
ence fringes described in the first exemplary embodiment
further improves.

The plurality of electrodes (detection electrodes 123 or
detection electrodes 124, for example) may be formed such
that each width RxW of the plurality of electrodes (detection
electrodes 123 or detection electrodes 124, for example)
becomes substantially equivalent to each width W of'the third
electrodes (floating electrodes).

According to this structure, the intervals of the slits formed
between the floating electrodes become substantially equiva-
lent to the intervals of the slits formed between the detection
electrodes and the floating electrodes and the slits formed
between the detection electrodes. This structure produces
substantially uniform intervals of the slits.

In other words, slits having substantially the same shape
are formed substantially at the same intervals on the touch
panel.

Accordingly, the structure in the present exemplary
embodiment further improves the advantage of reducing the
visibility of the wiring patterns of the detection electrodes and
the interference fringes described in the first exemplary
embodiment.

In the examples shown in FIGS. 17 and 18, the detection
electrode electrically working as one electrode is formed of
two pieces of detection electrodes. According to the present
exemplary embodiment, connection parts for electrically
connecting respective detection electrodes may be further
provided as illustrated in FIGS. 19 and 20.

FIG. 19 is a plan view schematically illustrating still
another example of the constituent patterns of detection elec-
trodes 123 and floating electrodes 131 of the display device
according to the third exemplary embodiment.

FIG. 20 is a plan view schematically illustrating yet
another example of the constituent patterns of detection elec-
trodes 124 and floating electrodes 132 of the display device
according to the third exemplary embodiment.

Detection electrodes 123 and floating electrodes 131
shown in FIG. 19 are substantially similar to detection elec-
trodes 123 and floating electrodes 131 shown in FIG. 17.
However, detection electrodes 123 shown in FIG. 19 are
provided with connection parts 125 for electrically connect-
ing detection electrodes 123. Connection parts 125 may be
provided at regular intervals as illustrated in FIG. 19.

Detection electrodes 124 and floating electrodes 132
shown in FIG. 20 are substantially similar to detection elec-
trodes 124 and floating electrodes 132 shown in FIG. 18.
However, detection electrodes 124 shown in FIG. 20 are
provided with connection parts 126 for electrically connect-
ing detection electrodes 124. Connection parts 126 may be
provided at regular intervals as illustrated in FIG. 20.
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As described herein, when the second electrode (detection
electrode) electrically working as one electrode is formed of
aplurality of electrodes (detection electrodes 123 or detection
electrodes 124, for example), connection parts (connection
parts 125 or connection parts 126, for example) electrically
connecting these plural electrodes (detection electrodes 123
or detection electrodes 124, for example) may be provided.

This structure increases the stability of the electric opera-
tion of the detection electrodes and stabilizes touch detection
while maintaining the advantage of reducing the visibility of
the foregoing wiring patterns of the detection electrodes and
interference fringes. For example, the connection parts can
secure a conductive path for electric signals at the time of
partial disconnection of any detection electrode.

According to the present exemplary embodiment, the
detection electrode electrically working as one detection
electrode is formed of two pieces of detection electrodes, and
a zigzag-shaped slit is formed between the two detection
electrodes. Alternatively, the detection electrode electrically
working as one detection electrode may be formed of three or
more detection electrodes, and two or more zigzag-shaped
slits may be formed between the respective detection elec-
trodes. In this case, connection parts for electrically connect-
ing the respective detection electrodes may be formed.

Fourth Exemplary Embodiment

In the first through third exemplary embodiments, the rela-
tionship between the relative positions of the slits formed
between the floating electrodes is not particularly described.
However, it was confirmed that the advantage of reducing the
visibility of the foregoing wiring patterns of the detection
electrodes and interference fringes further improves when the
relationship between the relative positions of the slits is more
appropriately determined. According to the present exem-
plary embodiment, a structure example focused on the rela-
tionship between the relative positions of the slits formed
between floating electrodes is described with reference to
FIGS. 21A, 21B, 22, and 23.

The structure according to the present exemplary embodi-
ment is applicable to the foregoing first through third exem-
plary embodiments.

[4-1. Configuration]

A display device according to a fourth exemplary embodi-
ment has substantially the same constitution as the constitu-
tion of display device 100 shown in the first exemplary
embodiment, and thus the details of the constitution of the
display device are not repeatedly described herein. In addi-
tion, the definitions of the vertical direction and the horizontal
direction in the present exemplary embodiment are substan-
tially the same as the definitions of the vertical direction and
the horizontal direction shown in the first exemplary embodi-
ment.

[4-2. Operation]

The display device according to the fourth exemplary
embodiment performs substantially the same operation as the
operation of display device 100 shown in the first exemplary
embodiment, and thus the details of the operation of the
display device are not repeatedly described herein.

[4-3. Structure]

Positions of slits formed between floating electrodes
according to the present exemplary embodiment are herein-
after described with reference to FIGS. 21A, 21B, 22, and 23.

According to the present exemplary embodiment, the
respective floating electrodes are disposed in such positions
that the following conditions are met. The positions of the
respective floating electrodes are determined such that a plu-
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rality of successive slits extending in the same direction (slits
formed between the floating electrodes) are disposed not on
an imaginary line extended in an extension direction of any
one of the plurality of slits extending in the same direction,
but at positions deviated in parallel to the line.

FIGS. 21 A and 21B are plan views schematically illustrat-
ing an example of constituent patterns of floating electrodes
of the display device according to the fourth exemplary
embodiment.

Floating electrodes 131 shown in FIGS. 21A and 21B are
substantially similar to floating electrodes 131 shown in the
first exemplary embodiment in conjunction with FIG. 9. In
addition, conditions required for forming the floating elec-
trodes in the present exemplary embodiment are substantially
similar to the corresponding conditions shown in the first
exemplary embodiment. The details of the floating electrodes
and the forming conditions thereof are therefore not repeat-
edly described herein. Slits 31 formed between floating elec-
trodes 131 in FIGS. 21A and 21B are substantially similar to
the slits formed between floating electrodes 131 shown in the
first exemplary embodiment in conjunction with FIG. 9. In
addition, conditions required for forming slits 31 in the
present exemplary embodiment are substantially similar to
the corresponding conditions shown in the first exemplary
embodiment. The details of slits 31 and the forming condi-
tions thereof are therefore not repeatedly described herein.

According to the present exemplary embodiment, the posi-
tions of respective floating electrodes 131 shown in FIGS.
21A and 21B are determined in the manner as follows.

For example, in the case of the example shown in FIG. 21 A,
slit 31a formed between floating electrodes 131a and 1315,
and slit 315 formed between floating electrodes 131¢ and
1314 are slits successively extending in the same direction.
However, slit 315 is not disposed on an imaginary line (indi-
cated by broken lines in FIG. 21A) extended in an extension
direction of slit 31a, but at a position deviated in parallel to the
line.

FIG. 21B shows an example of the degree of this “devia-
tion” (hereinafter referred to as “deviation amount” as well).

According to the example shown in FIG. 21B, slit 31a
formed between floating electrodes 131a and 1315, slit 315
formed between floating electrodes 131¢ and 1314, slit 31¢
formed between floating electrodes 131e and 131/, and slit
31d formed between floating electrodes 131g and 131/ are
slits successively extending in the same direction. However,
each of'slits 315, 31¢, and 31dis disposed not on an imaginary
line (indicated by broken lines in FIG. 21B) extended in an
extension direction of slit 31a, but at a position deviated in
parallel to the line.

As illustrated in FIG. 21B, respective floating electrodes
131 are disposed such that a side contained in floating elec-
trode 131/ and forming slit 31d is positioned on an extension
of'a side contained in floating electrode 131a and forming slit
31a.

In other words, the plurality of slits successively extending
in the same direction are disposed such that two successive
slits (such as slits 31a and 315) are deviated from each other
by one third of one slit width, and that two slits (such as slits
31a and 31d) between which two slits (such as slits 315 and
31c) are sandwiched are deviated from each other by one slit
width.

FIG. 22 is a plan view schematically illustrating another
example of the constituent patterns of the floating electrodes
of the display device according to the fourth exemplary
embodiment.

Floating electrodes 132 shown in FIG. 22 are substantially
the same as floating electrodes 132 shown in the first exem-
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plary embodiment in conjunction with FIG. 13. Similarly,
slits 32 formed between floating electrodes 132 shown in
FIG. 22 are substantially the same as the slits formed between
floating electrodes 132 shown in the first exemplary embodi-
ment in conjunction with FIG. 13.

According to the example shown in FIG. 22, slit 32a
formed between floating electrodes 132a and 1325, slit 325
formed between floating electrodes 132¢ and 132d, and slit
32¢ formed between floating electrodes 132¢ and 132f are
successive slits extending in the same direction. However,
slits 326 and 32¢ are disposed not on an imaginary line (indi-
cated by broken lines in FIG. 22) extended in an extension
direction of slit 324, but at positions deviated in parallel to the
line.

As illustrated in FIG. 22, respective floating electrodes 132
are disposed such that a side contained in floating electrode
132f'and forming slit 32¢ is located on an extension of a side
contained in floating electrode 1324 and forming slit 32a.

In other words, the plurality of slits successively extending
in the same direction are disposed such that two successive
slits (such as slits 32a and 324) are deviated from each other
by half of one slit width, and that two slits (such as slits 32a
and 32c¢) between which one slit (such as slit 325) is sand-
wiched are deviated from each other by one slit width.

FIG. 23 is a plan view schematically illustrating still
another example of the constituent patterns of floating elec-
trodes of the display device according to the fourth exemplary
embodiment.

Each of floating electrodes 133 shown in FIG. 23 is formed
by combining two rhombuses (indicated by broken lines in
FIG. 23) each having a shape similar to each shape of floating
electrodes 131 shown in FIG. 21, and therefore has a
deformed shape of the parallelogram forming each shape of
floating electrodes 132 shown in FIG. 22.

According to the example shown in FIG. 23, slit 33«
formed between floating electrodes 133a and 1335, slit 335
formed between floating electrodes 133¢ and 133d, and slit
33¢ formed between floating electrodes 133e and 133/ are
slits successively extending in the same direction. However,
slits 335 and 33c¢ are disposed not on an imaginary line (indi-
cated by broken lines in FIG. 23) extended in an extension
direction of slit 334, but at positions deviated in parallel to the
line.

As illustrated in FIG. 23, respective floating electrodes 133
are disposed such that a side contained in floating electrode
133/ and forming slit 33c¢ is located on an extension of a side
contained in floating electrode 1334 and forming slit 334. In
other words, the plurality of slits successively extending in
the same direction are disposed such that two successive slits
(such as slits 334 and 335) are deviated from each other by
two thirds of one slit width, and that two slits (such as slits 33a
and 33c¢) between which one slit (such as slit 335) is sand-
wiched are deviated from each other by four thirds of one slit
width.

According to the example shown in FIG. 22, floating elec-
trodes 132¢ and 1324 have sides positioned on the same line
as indicated by chain lines in FIG. 22, for example. In this
case, a plurality of successive slits extending in the same
direction, which direction is different from the extension
direction of slits 32, are disposed on an imaginary line
extended in an extension direction of any one of the slits
extending in the direction different from the extension direc-
tion of slits 32.

However, according to the example shown in FIG. 23, a
plurality of successive slits 34 extending in the same direc-
tion, which direction is different from the extension direction
of'slits 33, are disposed at positions deviated from an imagi-
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nary line extended in an extension direction of any one of slits
34, unlike the example shown in FIG. 22. For example, slit
34a formed between floating electrodes 133¢ and 133g, and
slit 345 formed between floating electrodes 1334 and 133/
are successive slits extending in the same direction. However,
slit 345 is disposed not on an imaginary line extended in an
extension direction of slit 34a (indicated by chain lines in
FIG. 23), but at a position deviated in parallel to the line.

Deviation amounts of the positions of the respective slits in
the present exemplary embodiment are not limited to the
deviation amounts shown in FIGS. 21A through 23.

[4-4. Effect]

According to the input device of the present exemplary
embodiment described herein, the third electrodes (floating
electrodes) are formed such that the others (such as slits 315,
31¢, and 31d) of aplurality of successive slits (such as slits 31)
formed between the third electrodes (floating electrodes) and
extending in the same direction are disposed at positions
deviated in parallel to an imaginary line extended in an exten-
sion direction of any one (such as slit 31a) of the plurality of
successive slits.

Accordingly, the structure of the present exemplary
embodiment further improves the advantage of reducing the
visibility of the wiring patterns of the detection electrodes and
the interference fringes described in the first exemplary
embodiment.

Fifth Exemplary Embodiment

The present exemplary embodiment describes a structure
and manufacturing steps of liquid crystal panel 21 included in
display device 100. The structure and manufacturing steps of
liquid crystal panel 21 shown in the present exemplary
embodiment are applicable to the foregoing first through
fourth exemplary embodiments.

[5-1. Configuration]

FIG. 24 is a cross-sectional view schematically illustrating
an example of a cross-sectional structure of liquid crystal
panel 21 included in display device 100 according to the fifth
exemplary embodiment.

Liquid crystal panel 21 contains active matrix-type elec-
trode part 65 on TFT substrate 67 side. Active matrix-type
electrode part 65 contains common electrode (Vcom elec-
trode) 110 and pixel electrodes 19.

Liquid crystal panel 21 further contains color filters (CF)
210 in R, G, and B colors, a black matrix (BM, not shown),
and an over coat (OC) layer (not shown) on color filter (CF)
substrate 68 side.

An orientation membrane layer (not shown) is formed on
each of inner surfaces (surfaces facing to each other) of TFT
substrate 67 and CF substrate 68. Liquid crystal layer 64 is
injected between TFT substrate 67 and CF substrate 68.

Liquid cells are formed on liquid crystal panel 21 in this
manner. It is assumed herein that each of the liquid crystal
cells is constituted by the constituent elements formed in the
range from CF substrate 68 to TFT substrate 67.

Upper polarizing plate 63 is disposed on CF substrate 68
(surface on the side opposite to liquid crystal layer 64), while
lower polarizing plate 66 is disposed on a surface of TFT
substrate 67 on the side opposite to the surface where com-
mon electrode 110 is formed. In other words, the liquid crys-
tal cells are sandwiched between upper polarizing plate 63
and lower polarizing plate 66. In addition, cover glass 61 is
attached via bonding layer 62 to upper polarizing plate 63 of
CF substrate 68. Cover glass 61 has a protection function such
as prevention of cracking of liquid crystal panel 21.
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In manufacturing liquid crystal panel 21, a transparent
electrode (ITO electrode) constituted by ITO is formed on a
surface of CF substrate 68 after formation of the liquid crystal
cells and before attachment of upper polarizing plate 63 to CF
substrate 68. The formed ITO electrode is pattered to produce
desired patterns by using photolithography, for example,
thereby forming detection electrodes 12 and floating elec-
trodes 130.

As a result, a plurality of detection electrodes 12 are
formed on a display surface side of CF substrate 68 substan-
tially at uniform intervals, and a plurality of floating elec-
trodes 130 are formed between a plurality of detection elec-
trodes 12.

[5-2. Operation]

Display device 100 according to the fifth exemplary
embodiment performs substantially the same operation as the
operation of display device 100 shown in the first exemplary
embodiment. The details of the operation are therefore not
repeated herein.

[5-3. Effect]

As described above, according to the input device of the
present exemplary embodiment, second electrodes (detection
electrodes) and third electrodes (floating electrodes) are made
of substantially the same material, and disposed substantially
on the same layer (such as the surface of CF substrate 68).

In this case, the second electrodes (detection electrodes)
and the third electrodes (floating electrodes) are made of
substantially the same material, and formed by the same steps
at the manufacture of the liquid crystal panel. Accordingly,
the structure of the present exemplary embodiment adjusts
the light reflectance and transmittance of the second elec-
trodes (detection electrodes) and the light reflectance and
transmittance of the third electrodes (floating electrodes) to
substantially equivalent values.

More specifically, according to the input device of the
present exemplary embodiment, the plurality of floating elec-
trodes made of substantially the same material as the material
of'the detection electrodes are disposed between the detection
electrodes. In this case, the light reflectance and transmittance
of the area including the detection electrodes and the light
reflectance and transmittance of the area not including the
detection electrodes are equalized. Accordingly, the visibility
of the wiring patterns of detection electrodes 12 further
decreases.

In manufacturing a liquid crystal panel for products, such
as a smart phone and a tablet computer, desired to be light-
weight, TFT substrate 67 and CF substrate 68 are chemical
polished to reduce the weights of TFT substrate 67 and CF
substrate 68 after the formation of a liquid crystal cells in a
certain case. According to this method, an ITO electrode is
formed on a surface of CF substrate 68 after reduction of the
weight, and then the respective electrode patterns are formed.
At the time of formation of the ITO electrode, the liquid
crystal cells are generally heated only to approximately 100°
C. due to the limitation of a generally low heat resistant
temperature of this liquid crystal cells. Accordingly, amor-
phous ITO is formed as the ITO electrode.

As described in the first exemplary embodiment, amor-
phous ITO has a high sheet resistance than the sheet resis-
tance of crystalline ITO electrode formed at a high tempera-
ture. Accordingly, the thickness of the ITO electrode needs to
be increased to reduce the resistance of transparent electrode
constituted by amorphous ITO. In addition, the light trans-
mittance of amorphous ITO is lower than the light transmit-
tance of crystalline ITO electrode. Thus, the light transmit-
tance further lowers when the thickness of ITO electrode is
increased.
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Accordingly, when detection electrodes are produced from
amorphous ITO, the difference in the light transmittance
increases between the area including detection electrodes and
the area not including detection electrodes. In this case, vis-
ibility of wiring patterns of detection electrodes increases.
According to the present exemplary embodiment, however,
detection electrodes 12 and floating electrodes 130 are made
of the same material and formed on the same layer on CF
substrate 68 (such as a surface of CF substrate 68). In this
case, the light reflectance and transmittance become substan-
tially equivalent. Accordingly, the structure of the present
exemplary embodiment can reduce the visibility of the wiring
patterns of detection electrodes 12 even in the case of a liquid
crystal panel formed by a process which is difficult for the
electrode to be formed at a high temperature.

According to the present exemplary embodiment, the
example of the in-cell touch panel has been described in
conjunction with the cross-sectional view of this panel. How-
ever, the present exemplary embodiment is not limited to of
in-cell type, but may be applied to an out-cell touch panel.
According to the out-cell touch panel, a touch panel including
detection electrodes and floating electrodes on a glass sub-
strate or on a resin sheet is disposed on a display device in
such a position as to face to pixels. In the case of the out-cell
type, air gap is formed between the touch panel and the
display device, or the touch panel and the display device are
affixed to each other via a bonding layer. In this case, the
distance between the pixels and the detection electrodes
increases in comparison with the in-cell type where detection
electrodes are formed on a surface of a CF substrate. Accord-
ingly, fringe patterns produced by wiring patterns of the
detection electrodes and interference fringes between CF and
BM relatively decrease. In addition, in the case of the out-cell
type, a heat resistant temperature of the glass substrate
formed with the electrode is relatively high at the time of
formation of ITO, and thus the heating temperature is allowed
to be raised to a relatively high temperature. In this case,
crystallized and low-resistant ITO electrode is allowed to be
manufactured. Accordingly, the structure shown in the
present disclosure is more advantageous when applied to an
in-cell touch panel.

Other Exemplary Embodiments

The first through fifth exemplary embodiments have been
described herein as examples of the technology disclosed in
the present application. However, the technology according
to the present disclosure is not limited to these exemplary
embodiments, but may be applied to exemplary embodiments
including modifications, replacements, additions, omissions
and the like. In addition, the respective constituent elements
shown in the foregoing first through fitth exemplary embodi-
ments may be combined to produce different exemplary
embodiments.

Other exemplary embodiments are hereinafter described.

Arrangement patterns of detection electrodes and floating
electrodes are not limited to the arrangement patterns of the
structure examples shown in the respective exemplary
embodiments, but may be such arrangement patterns as com-
binations of the structure examples shown in the respective
exemplary embodiments.

FIG. 25 is a plan view schematically illustrating an
example of constituent patterns of detection electrodes and
floating electrodes of a display device according to another
exemplary embodiment.

FIG. 25 shows a structure example including a combina-
tion of the structure example shown in FIG. 23 and the struc-
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ture example shown in FIG. 18. As in this case, for example,
the structure examples shown in the respective exemplary
embodiments may be combined.

According to these exemplary embodiments, sensor con-
trol circuit 13 controls sensor driving circuit 26 and signal
detecting circuit 27 in accordance with timing signals 1 and 2
output from signal control device 28. However, signal control
device 28 may be configured to directly control sensor driving
circuit 26 and signal detecting circuit 27.

The floating electrodes are not required to have the shapes
and sizes shown in the respective exemplary embodiments in
conjunction with the figures. The shapes of the floating elec-
trodes may be arbitrarily determined within the range of the
conditions disclosed as to the slits.

According to the first through fifth exemplary embodi-
ments, signal detecting circuit 27 includes detecting circuits,
one for each of detection electrodes 12. However, signal
detecting circuit 27 may include detecting circuits, one for a
group of detection electrodes 12. In this case, as for the pulse
voltage applied a plurality of times to driving electrodes 11,
the plurality of detection electrodes 12 monitor detection
signal Rxv by time-sharing to detect detection signal Rxv.

The numerical values shown in the foregoing exemplary
embodiments, such as the values indicating the size of the
floating electrodes, are presented by way of example only.
The scope of the present disclosure is not limited at all to these
numerical values.

The present disclosure is applicable to a capacitive cou-
pling type input device. More specifically, the present disclo-
sure is applicable to a liquid crystal television set or liquid
crystal display provided with a touch panel, a display-inte-
grated computer or input terminal, a tablet-type device, a
smartphone, various types of household electric appliances
provided with a touch panel, and others. The present disclo-
sure is applicable to various types of electric devices includ-
ing a touch panel and a display device combined into one
body.

What is claimed is:

1. An input device which is included in a display device
including a plurality of pixels, and is configured to detect a
contact position of a user, the input device comprising:

a plurality of first electrodes;

aplurality of second electrodes disposed so as to cross the

first electrodes; and

aplurality of third electrodes disposed between the second

electrodes,

wherein slits extending obliquely with respect to an exten-

sion direction of the second electrodes are formed
between the third electrodes, and

the slits are formed to extend in two directions substantially

line-symmetric with respect to the extension direction of
the second electrodes.

2. The input device according to claim 1, wherein each of
the third electrodes has a rhombic shape.

3. The input device according to claim 1, wherein each of
the third electrodes has a parallelogrammatic shape.
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4. The input device according to claim 1, wherein the slits
are formed at an angle ranging from 13.6 degrees to 64.1
degrees inclusive with respect to the extension direction of the
second electrodes.

5. The input device according to claim 1, wherein sides of
the second electrodes have zigzag shapes in accordance with
shapes and arrangement positions of the third electrodes.

6. The input device according to claim 1, wherein each of
the second electrodes electrically working as one electrode is
formed of a plurality of electrodes.

7. The input device according to claim 6, wherein a slit
formed between the plurality of the electrodes forming each
of the second electrodes has a zigzag shape in accordance
with zigzag-shaped slits formed between the second elec-
trodes and the third electrodes.

8. The input device according to claim 6, wherein each of
the plurality of the electrodes forming each of the second
electrodes is formed to have an electrode width substantially
equivalent to each width of the third electrodes.

9. The input device according to claim 6, comprising a
connection part electrically connecting the plurality of the
electrodes, forming each of the second electrodes, to each
other.

10. The input device according to claim 1, wherein, assum-
ing an imaginary line extended in an extension direction of
any one of a plurality of successive slits included in the slits
formed between the third electrodes and extending in the
same direction, the third electrodes are formed such that the
others of the plurality of the successive slits are disposed at
positions deviated in parallel to the imaginary line.

11. The input device according to claim 1, wherein the
second electrodes and the third electrodes are made of sub-
stantially the same material and disposed substantially on the
same layer.

12. The input device according to claim 11, wherein the
second electrodes and the third electrodes are disposed sub-
stantially on the same layer of a color filter substrate.

13. The input device according to claim 1, wherein the third
electrodes are floating electrodes.

14. A display device comprising:

a display unit including a plurality of pixels; and

an input device configured to detect a contact position of a

user on the display unit,

wherein the input device includes:

a plurality of first electrodes;

a plurality of second electrodes disposed so as to cross
the first electrodes; and

aplurality of third electrodes disposed between the sec-
ond electrodes, and

wherein slits extending obliquely with respect to an exten-

sion direction of the second electrodes are formed
between the third electrodes, and

the slits are formed to extend in two directions substantially

line-symmetric with respect to the extension direction of
the second electrodes.

15. The display device according to claim 14, wherein the
third electrodes are floating electrodes.
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